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NATIONAL  ACADEMY  OF  SCIENCES 
NATIONAL  RESEARCH  COUNCIL 


The  National  Academy  of  Sciences -National  Research  Council 
is  a  private  nonprofit  organization  of  scientists,  dedicated  to  the  fur¬ 
therance  of  science  and  to  its  use  for  the  general  welfare. 

The  Academy  itself  was  established  in  1863  under  a  Congres¬ 
sional  charter  signed  by  President  Lincoln.  Empowered  to  provide  for 
all  activities  appropriate  to  academies  of  science,  it  was  also  re¬ 
quired  by  its  charter  to  act  as  adviser  to  the  Federal  Government  in 
scientific  matters.  This  provision  accounts  for  close  ties  that  have 
always  existed  between  the  Academy  and  the  Government,  although 
the  Academy  is  not  f\  government  agency. 


The  National  Research  Council  was  established  by  the  Academy 
in  1916,  at  the  requestof  President  Wilson,  to  enable  scientists  gen¬ 
erally  to  associate  their  efforts  with  ^ose  Of  the  limited  membership 
of  the  Academy  in  service  to  the  nation,  to  society,  and  to  science  at 
home  and  abroad.  Members  of  the  National  Research  Council  receive 
their  appointments  from  the  President  of  the  Academy.  They  include 
reixesentatives  nominated  by  the  major  ^scientific  and  technical  soci¬ 
eties,  representatives  of  the  Federal  Government,  and  a  number  of 
'  members-at- large.  In  addition,  several  thousand  scientists  and  en¬ 
gineers  take  part  in  the  activities  of  the  Research  Council  through 
membership  on  its  various  boards  and  committees. 


Receiving  funds  from  both  public  and  private  sources,  by  con¬ 
tributions,  grant,  or  contract,  the  Academy  and  its  Research  Council 
thus  work  to  stimulate  research  and  its  applications,'  to  survey  the 
broad  possibilities  of  science,  to  ixomote  effective  utilisation  .of  the 
'  scientific  and  technical  resources  of  the  country,  to  serve  the  (^y- 
emmeni,  and  to  further  the  general  interests  of  science. 

The  Committee  on  Undersea  Warfare  was  forSied  in  1946,  fol¬ 
lowing  the  disbandihg  of  the  National  Defenfe  Research  Cohimittee. 

This  action  >ya8  taken  in  response  to  the  Navy's  expressed  Wish  fora 
,  continuing  group  of  epqMrienped  scientists .  to  whom  it  could  turn  for 
adviOe  on  scleh^ic  and  technical  matters  relating  to  undersea  warfare . 

Over  the  years,  tiie  Committee's  activities  have  included  symposia, 

^  surveys,  and  a  wide  variety  of  special  studies  relating  to  Idng-term 
. '  research  and  development  needs  .in  undersea  warfare.  It  serves  as  a"'  ; 

continuing  bridge  tetween  the  cjpeiratlopallfavy  and  the  scientific  com-  ' 
munity  in' the  interests  of  national  defense. 
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FOREWORD 


The  study  of  ocean  surveillance  sponsored  by  the  Committee 
on  Undersea  Warfare  commenced  formally  with  the  1966  summer  study 
at  Woods  Hole,  Massachusetts.  Although  that  effort  considered  the 
subject  in  broad  terms,  the  need  for  further  detailed  investigation  of 
deployable  systems  was  recognized  in  a  recommendation  for  an  ad¬ 
ditional  study  the  following  summer. 

As  a  result,  a  study  of  deployable  undersea  surveillance 
systems  was  undertaken  in  the  summer  of  1967  at  La  Jolla,  California. 
A  report^  containing  findings  of  this  summer  study  has  been  forwarded 
to  the  Navy. 

Because  assistance  was  desired  in  relating  the  summer  study 
conclusions  and  recommendations  to  the  Navy's  undersea  surveillance 
research  and  development  program.  Rear  Admiral  E.  W.  Doble,  Jr. , 

OP  71 ,  requested®  that  the  Committee  form  a  small  advisory  group. 

The  opportunity  was  welcomed  by  the  Committee  and  at  its  80th 
Meeting,  July  1967,  the  establishment  of  a  summer  study  follow-up 
panel  was  authorized. 

In  due  course  a  panel  composed  of  key  participants  in  the 
summer  study  was  organized  with  a  membership  which  consisted  of: 
Dr.  Fred  N.  Spiess,  Chairman,  Director  of  the  Marine  Physical  Lab¬ 
oratory,  Scripps  Institution  of  Oceanography;  Dr.  John  C.  Knight, 
Kettelle  Associates,  Inc.;  Dr.  Stanley  Murphy,  Applied  Physics 
Laboratory,  University  of  Washington;  Mr.  Henry  A.  O'Neal,  Ocean 
Science  and  Technology  Group,  Office  of  Naval  Research;  Mr.  Stanley 
A.  Peterson,  U.  S.  Navy  Underwater  Sound  Laboratory;  Mr.  Benjamin 
Rosenberg,  OP  07TC,  Office  of  the  Chief  of  Naval  Operations;  Mr. 

Leo  M.  Trletel,  Code  2050,  ASW  Systems  Project;  Dr,  Ross  Williams, 
Hudson  Laboratories,  Columbia  University;  and  Captain  Jerome  L. 
Wolf,  OP715,  Office  of  the  Chief  of  Naval  Operations;  Mr.  R.  M. 
Chapman  served  as  Panel  Secretary. 


^NRC:CUW;0343  -  "Deployable  Undersea  Surveillance  Systems  (U),  (La 
Jolla  1967)",  Part  I,  General  Conclusions  and  Recommendations,  De¬ 
cember  1967.  SECRET 

”  See  Appendix  A. 


-  I  - 


This  report  summarizes  the  deliberations  of  the  Panel,  conducted 
over  the  period  from  October  1967  through  June  1968.  During  this  time 
significant  help  was  received  from  many  quarters,  particularly  Mr.  I. 
Gatzke  and  Dr.  V.  C.  Anderson  who  met  with  the  panel  on  several 
occasions.  This  report  was  edited  by  Mr.  Chapman  with  assistance 
from  E.  H.  Nelson,  Jr.  and  the  manuscript  was  prepared  by  K.  Burton 
and  M.  Post  of  the  CUW  Staff. 
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1.  BACKGROUND 


(C)  The  study  of  Deployable  Undersea  Surveillance  Systems  by  the 
Academy  In  La  Jolla  during  the  summer  of  1967  reinforced  the  feeling 
of  those  involved  that  there  was  definitely  a  place  for  such  systems 
In  support  of  the  Navy's  missions.  The  conceot  of  a  family  of  systems 
that  would  provide  the  option  of  establishing,  maintaining,  and  with¬ 
drawing  surveillance  of  any  ocean  area  in  the  world  without  undue  cost , 
time  lag  or  political  embarrassment  appeared  quite  feasible. 

(C)  The  time  spent  defining  the  characteristics  of  deployable  under¬ 
sea  surveillance  systems  led  to  a  conviction  that  they  must  possess 
certain  unique  characteristics;  namely,  they  must  be  capable  of  being 
installed  in  a  day  to  a  week,  they  must  remain  useful  for  one  to  six 
months,  their  perishable  parts  must  be  easily  replaced,  and  their 
sophisticated  portions  (signal  processing,  communications,  etc.)  must 
be  able  to  be  easily  moved. 

(C)  A  major  conclusion  of  the  study  was  that  a  small  number  of  types 
of  deployable  systems  would  provide  surveillance  in  the  majority  of  the 
world's  undersea  environments.  However,  there  are  several  operational 
and  environmental  constraints  of  overriding  importance  in  system  design, 
such  as  the  nature  of  the  target  and  the  acoustical  characteristics  of  the 
undersea  area.  Two  system  types  emerged  which  offered  the  most 
promise  of  functioning  well  within  the  constraints  and  provided  the 
most  general  applicability  to  the  many  naval  situations  considered. 

These  were: 

(1)  A  system  of  concentrated  receiving  elements  with  gain 
so  that  the  refracted  surface -re  fleeted  path  (RSR)  may  be 
utilized  in  order  to  achieve  long  range  (over  100  miles) 
detections . 

(2)  A  system  of  dispersed  low-gain  receiving  elements  Installed 
In  large  numbers  with  closely  coordinated  analysis  of  all 
outputs  In  order  to  deal  with  the  relatively  short  (less  than 
30  miles)  detection  ranges  associated  with  direct  sound 
paths. 


(C)  In  view  of  the  need  for  covert  operation  in  many  situations, 
the  study  members  felt  that  the  two  system  types  should  be  designed 
primarily  to  operate  effectively  in  the  passive  mode.  The  concentrated 
type,  however,  was  also  conceived  of  as  having  an  active  operation 
capability  in  order  to  provide  fine-scale  target  localization  and  to 
insure  detection  even  when  a  target  chooses  to  run  quietly  for  prolonged 
periods.  The  elements  of  the  dispersed  system  were  visualized  as 
linked  to  the  central  processing  station  either  by  cable  or  by  radio 
as  dictated  by  local  circumstances.  Thus,  two  distinct  variants 
of  the  dispersed  systems  were  Implied  as  well  as  the  possibility 
of  a  purely  passive  version  of  a  passive-active  system.  The 
combination  of  these  systems  and  their  variations  with  each  other  and 
with  general  purpose  and  fixed  surveillance  systems  were  felt  to  assure 
effective  coverage  In  a  large  part  of  the  world's  oceans. 

(C)  The  first  of  the  major  recommendations  of  the  summer  study 
dealt  with  the  need  for  bringing  deployable  surveillance  systems  Into 
early  use.  It  was  concluded  that  technology  is  now  ready  to  produce 
a  first  generation  of  such  systems  over  the  coming  five  years  and  that 
the  Navy  should  move  quickly  into  the  development  of  the  basic  system 
types. 

(C)  The  Follow-Up  Panel's  effort  was  directed  towards  defining  the 
characteristics  of  the  various  systems  recommended  by  the  summer 
study  and  refining  diff3rences  so  that  a  minimum  number  of  systems 
would  find  the  widest  possible  application.  As  a  result  three  letter- 
type  interim  reports  have  been  forwarded  to  the  Navy  (OP  71)  summarizing 
the  characteristics  of  the  three  basic  types  of  deployable  systems  In 
their  advanced  form  as  well  as  In  a  first  generation  configuration.  This 
report  Includes  the  information  contained  in  the  interim  reports  as  well 
as  additional  material  developed  by  the  Panel  in  their  effort  to  establish 
the  feasibility  of  a  family  of  systems  designed  to  provide  the  Navy  with 
flexible  tools  for  undersea  surveillance. 


2.  DISCUSSION 


(C)  The  desirable  characteristics  of  the  various  deployable  systems 
which  developed  during  the  summer  study  were  further  developed  by  the 
Panel.  This  was  done  in  a  manner  which,  while  keeping  in  mind  the 
present  state  of  technology,  conceived  a  first  generation  of  systems 
so  configured  as  to  incorporate  features  consistent  with  those  envis¬ 
aged  for  the  more  advanced  systems.  Thus  a  true  evolution  of  deploy¬ 
able  surveillance  systems  is  possible,  with  the  later  versions  building 
on  the  experience  gained  within  the  particular  technology  embodied 
in  the  early  systems.  The  aim  has  been  to  recommend  basic  system 
types  for  first  generation  systems  which  could  be  developed  soon 
(within  two  or  three  years)  into  (not  necessarily  fully)  engineered 
systems  for  naval  use.  These  are  described  as  far  as  possible  in 
terms  of  sub-system  or  component  characteristics . 

(C)  The  characteristics  of  the  recommended  first  generation  systems 
are  summarized  in  Tables  I  -  III  along  with  current  Navy  research  and 
development  activity  which  is  pertinent  to  these  systems.  They  have 
been  chosen  with  two  objectives  foremost: 

(1)  Provide  capability  for  surveillance  against  existing  '^rge 
numbers  of  moderately  noisy  nuclear  and  diesel  powered 
submarines . 

(2)  Employ  configurations  which  ensure  easy  evolution  toward 
features  needed  to  provide  surveillance  against  much 
quieter  submarines. 

In  order  to  guide  the  direction  of  early  efforts,  the  characteristics  of 
the  advanced  systems  recommended  by  the  summer  study  are  also 
included. 

2 . 1  DISPERSED  BUOY  SYSTEM 

(C)  Tablel*treats  this  system  in  detail.  Each  unit  consists  generally 
of  a  surface  buoy  supporting  hydrophones  —  a  pair  in  the  case  of  the  first 
generation,  and  an  array  for  the  advanced  system.  The  buoy  can  be 
moored  in  depths  from  30  to  2000  fathoms,  with  the  hydrophones  suspended 


at  a  selectable  depth.  The  signal  i»rocesslng  would  rely  on  both  broad¬ 
band  correlation  and  spectrum  analysis  of  a  large  number  of  channels. 
Communication  would  be  by  separate  radio  link  from  each  buoy.  A 
useful  life  of  at  least  90  days  is  indicated  with  the  buoys  considered 
expendable.  Figure  I  illustrates  the  first  generation  system. 

(C)  There  has  been  considerable  activity  In  systems  which  have 
aspects  which  are  adaptable  to  the  concept  of  the  first  generation 
system  as  described  in  Table  I.  The  moOTed  sonobuoy  system,  in 
particular,  contains  a  number  of  such  features.  Because  of  this  potential 
for  drawing  extensively  on  existing  technology  and  components,  the 
dispersed  buoy  system  is  considered  as  being  the  closest  to  fruition  of 
the  three  basic  deployable  systems. 

2 . 2  DISTRIBUTED  CABLE-CONNECTED  SYSTEM 

(C)  This  system  is  described  in  Table  II*  •  A  bottomed  cable  laid  in 
water  as  deep  as  2500  fathoms  serves  to  connect  the  sensors  which 
would  be  hydrophone  pairs  in  the  first  generation  and  vertical  arrays 
of  10  -  30  hydrophones  in  the  advanced  version.  The  cablge  would  be 
connected  to  a  surface  or  submarine  buoy  or  direct,  to  shore.  Com¬ 
munications  to  the  central  processing  station  could  be  from  the  buoy 
via  cable  to  surface  ships  or  submarines,  via  radio  link  to  surface 
ships,  aircraft,  ex*  shore  stations  or  via  acoustic  link  to  submarines 
(for  advanced  system  only).  The  signal  processing  would  include 
correlation  techniques  and  off-line  spectrum  analysis.  A  system  life 
of  three  months  to  one  year  is  indicated.  The  general  concept  of  the 
first  generation  system  is  illustrated  in  Figure  II . 

(C)  Because  of  the  long  lead-time  involved  in  the  development  of  an 
operative  system  of  the  cable-connected  type,  particularly  the  design 
and  packaging  of  a  cable  system  appropriate  to  this  problem,  the  necessary 
effort  will  need  to  be  initiated  at  once  if  the  projected  requirements  for 
surveillance  of  the  near-future  threat  are  to  be  met  in  waters  of  moderate 
to  shallow  depth. 

2 . 3  CONCENTRATED  PASSIVE-ACTIVE  SYSTEM 

(C)  The  details  of  this  system  are  covered  in  Table  III**.  Figure  III 
shows  the  first  generation  version  of  the  system  and  several  alternative 
concepts  for  deployment  vehicles ,  A  rigid  structure  roughly  500  feet 

*Page  18  **Page  21 
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wide  and  450  feet  high  supports  the  passive  array  which  consists  of 
60  to  100  strings  of  hydrophones  with  28  elements  per  string  (7  groups 
each  with  4  hydrophone  elements  per  string).  The  active  transducer 
would  have  a  source  level  of  140db  /liib  for  the  first  generation  system 
(145-155  for  the  advanced  system)  at  400-600  Hz.  The  beamforming 
would  be  with  two  selectable  vertical  analog  beams  feeding  azimuthal 
beamformers  which  incorporate  at  least  one  steerable  null.  Time  pro¬ 
cessing  would  include  power  detection  and  spectrum  analysis  in  the 
passive  section  with  multichannel  cross-correlation  in  the  active 
section.  For  the  display,  computer  aided  tracking  and  decision  pro¬ 
grams  would  be  utilized. 

(C)  The  first  generation  of  a  deployable  passive-active  surveillance 
can  best  be  considered  as  developing  from  an  extension  of  the  present 
RSR  program.  The  Panel  feels  that  this  program  should  be  accelerated, 
particularly  with  respect  to  achieving  a  significant  capability  in  the 
passive  mode  of  operation.  A  primary  goal  should  be  the  construction 
of  a  complete  system  which  can  be  employed  In  realistic  operational 
situations  as  well  as  for  the  measurement  of  environmental  and  acoustical 
parameters.  Such  Information  will  be  invaluable  in  determining  the 
design  details  and  projected  performance  of  the  succeeding  first  gen¬ 
eration  and  advanced  systems. 

2.4  RESEARCH  AND  DEVELOPMENT  PROGRAMS  REQUIRED  FOR 
OPTIMIZING  THE  ADVANCED  SYSTEMS 

(C)  An  early  capability  for  undersea  surveillance  can  certainly  be 
developed  with  the  first  generation  of  deployable  systems  by  applying 
existing  engineering  developments  and  conducting  environmental 
surveys  to  assure  optimum  use  particular  specific  locations. 

However,  the  realization  of  the  full  potential  of  these  types  of  syst':;ms 
with  the  characteristics  as  detailed  under  "Advanced  Systems"  in 
Tables  I  through  III  Is  strongly  dependent  on  certain  supporting  in-depth 
studies  and  development  work  so  that  an  adequate  base  of  technology 
Is  ensured. 

(C)  The  discussion  In  this  section  Is  organized  to  cover  the  research 
and  development  required  for  the  three  basic  types  of  systems.  In 
addition,  a  fourth  type  of  system  is  covered.  This  is  the  so-called 
intermediate  system  which  would  find  application  in  environments 
which  would  not  normally  support  RSR  propagation  but  which,  because 


of  reasonably  good  bottom  reflectivity «  would  allow  propagation  by 
multiple  bottom-reflected  paths . 

(C)  2.4.1  For  the  dispersed  buoy  system  a  complete  systems 

study  should  be  undertaken  to  determine  the  cost  effectiveness  of  a 
deep  small-array  system  (relative  to,  for  example,  a  simpler  shallow- 
hydrophone  system)  for  bottom  limited  (non  RSR)  propagation.  This 
study  should  be  done  concurrently  with  the  design,  construction,  and 
testing  of  the  first  generation  system  so  that  the  results  of  the  systems 
studies,  the  environmental  measurements,  and  the  engineering  studies 
can  be  channeled  to  assist  the  development  of  the  advanced  system. 

The  following  outputs  of  the  study  should  be  sought: 

.  Array  Design 

.  Array  Depth 

.  Processing  (Broad-band,  Spectrum  Analysis) 

.  Overall  Data  Processing  Requirements 

.  Utility  of  Active  Option 

(C)  As  such  studies  progress,  concurrent  engineering  studies 
(e.g. ,  taut  vs.  slack  wire  mooring)  and  environmental  measurements 
(e.g.,  noise  characteristics  of  bottom  limited  regions;  propagation 
characteristics  where  bottom  reflectivity  is  involved)  should  also  be 
carried  out. 

(C)  The  object  of  the  environmental  measurements  and  studies 
should  be  the  improvement  of  shallow  water  (<  100  fms)  and  bottom 
limited  deeper  water  (100-2000  fms)  propagation  models.  An  Iterative 
process  should  result  with  the  output  from  engineering  and  environmental 
studies  being  fed  back  into  system  studies.  These,  in  turn,  will  suggest 
further  engineering  and  environmental  studies  (e.g.,  propagation 
fluctuations;  statistics  of  surface  effects;  in-buoy  vs.  remote  processing; 
real  time  vs.  compressed  time  (delayed)  processing).  Communications 
engineering  of  the  overall  buoy  monitoring  problem  (e.g. ,  satellite 
relay;  a/c  relay  to  ship;  direct  a/c  monitoring,  etc.)  will  have  to  be 
studied. 

(C)  The  applicability  of  the  techniques  considered  by  the  summer 
study  and  the  Panel  will,  in  practice,  be  dependent  on  the  requirements 
developed  for  the  overall  system.  These  requirements,  however,  cannot 
properly  exploit  technology  without  adequate  validated  exploration  of 


an  appropriate  range  of  ideas.  The  engineering  studies  shouid  deveiop 
costs  which  can  be  used  in  the  systems  study. 

(C)  2.4.2  The  distributed  cable  linked  system  wiil  require  system 

studies  directed  at  the  questions  of  array  design,  array  and  hydro¬ 
phone  spacing,  types  of  processing,  data  handling  requirements,  and 
active  operation  considerations  in  much  the  same  manner  as  the 
distributed  buoy  systems . 

(C)  Engineering  investigations  wili,  in  addition,  have  to  consider 
the  cable  system  design;  packaging  and  laying;  processing  at  arrays 
versus  processing  at  terminal  point;  potential  of  acoustic  link  —  or 
E/M  buoy  —  versus  direct  coupling,  and  the  questions  of  power 
sources  for  detectors,  repeaters,  and  the  terminal. 

(C)  Environmental  measurements  should  include  noise  characteristics 
of  candidate  areas,  bottom  loss  and  coherence  effects,  overall  propa¬ 
gation  statistics,  and  deep  currents  and  their  variations  —  both 
within  an  area  and  with  time.  Some  of  these  measurements  should  be 
made  (or  ways  of  making  them  developed)  not  only  to  help  system 
design  but  to  aid  decisions  on  where  and  when  to  lay  a  system  (e.g, , 
environmental  data  required  for  system  use  as  well  as  system  design). 

(C)  2.4.3  The  concentrated  passive-active  system  will  require 

systems  studies  of  the  array  configuration,  the  types  of  processing 
and  related  data  handling  problems,  the  modes  of  operation  (active 
versus  passive),  waveform  type,  ping  clusters/tracking  procedures, 
etc.  Optimum  array  depths  for  different  modes  of  operation  or  tactical 
situations  will  also  require  study. 

(C)  Engineering  investigations  will  have  to  consider  the  development 
of  large  transducers,  the  design  of  large  receiving  arrays  and  their 
deployment,  suspension  systems  and  their  winches,  the  minimization 
of  flow  Induced  noise  and  strumming  in  the  array  and  the  design  of 
support  platforms  for  both  surfaced  and  submerged  applications. 

Cable  design  should  receive  attention  as  well  as  display  techniques, 
adaptive  beamforming  applications ,  position  holding  for  both  array 
and  platform,  and  detection  and  classification  via  complex  amplitude 
spectrum  analysis  (e.g.,  phase  between  harmonics). 


(C)  Environmental  measurements  should  be  made  which  identify  the 
causative  factors  in  the  noise  backgrounds  in  order  that  predictions  might 
be  made.  The  detailed  structure  of  the  noise  spectrum,  fluctuations  in 
noise  levels,  transients,  and  directionality  of  ambient  noise  should  all 
be  evaluated  for  candidate  areas.  Reverberation  will  have  to  be  evalu¬ 
ated:  its  coherence,  energy  levels  and  the  tails  of  spectral  spread. 
Information  to  support  the  development  of  predictive  models  will  be 
needed  as  well  as  measurements  on  the  energy  distribution  in  propagation 
modes  (e.g.,  bottom  bounce  to  RRR  from  sloping  shelf),  time  coherence 
of  bottom  bounce,  and  wave  front  distortion  and  stability.  As  in  the 
case  of  other  systems,  deep  currents  should  be  measured. 

(C)  2.4.4  An  intermediate  system  was  considered  by  the  summer 

study  as  possibly  necessary  to  provide  surveillance  in  non-RSR  regions 
under  circumstances  in  which  bottom  reflection  losses  may  be  small. 

This  system  was  envisaged  as  a  longer  term  development  which  would 
have  to  be  thoroughly  investigated  both  as  to  characteristics  and  need. 

A  systems  analysis  to  determine  whether  a  separate  system  for  this  type 
of  propagation  is  warranted  and  might  be  cost-effective  is  required  after 
the  environmental  measurements  in  these  regions  have  been  obtained. 
Effectiveness  of  such  a  specially  designed  system  should  be  assessed 
relative  to  that  obtainable  by  using  either  a  dispersed  system  used  in 
better  conditions  than  it  was  designed  for  or  a  concentrated  system 
used  sub-optlmally ,  Such  an  analysis  will  need  as  its  starting  point 
additional  documentation  of  bottom  bounce  losses  in  operationally 
significant  areas  of  intermediate  depth. 


3.  CONCLUSIONS 


(C)  Continued  review  of  the  1967  summer  study  concepts  through 
the  past  year  and  the  process  of  relating  these  to  existing  R&D  programs 
and  changing  conditions  has  not  led  to  any  feeling  that  the  conclusions 
presented  in  Volume  I  need  to  be  significantly  modified  at  this  time. 
Urgency  in  obtaining  operational  experience  still  exists  as  does  the 
need  for  obtaining  this  with  both  widely  distributed  and  strongly  con¬ 
centrated  systems  to  provide  practical  starting  points  for  further 
development  of  this  useful  category  of  systems. 

(C)  The  state  of  development  of  the  moored  sonobuoy  system,  when 
combined  with  other  sonobuoy  development,  is  such  as  to  provide  a 
technological  base  which,  with  a  moderate  additional  Investment,  would 
result  in  the  earliest  availability  of  an  operational  deployable  system. 

This  system  would  meet  many  of  the  Panel  recommendations  for  a 
distributed  buoy  system  for  limited  area  coverage  in  regions  of  Intermediate 
to  poor  sound  propagation. 

(C)  The  summer  study  recommended  as  a  second  dispersed  type  a 
ship-laid  cable  connected  deployable  system.  Because  development 
of  an  operative  system  of  this  type  will  take  longer  than  for  the  buoy 
system,  effort  should  be  initiated  as  soon  as  possible  in  order  to  meet 
fully  the  requirements  for  surveillance  in  moderate  to  shallow  water 
against  the  near  future  threat. 

(C)  The  concentrated  passive-active  system  was  the  third  basic 
type  of  system  recommended  by  the  summer  study.  The  existing  RSR 
program  may  provide  an  adequate  starting  point  for  development  of  a 
deployable  system  in  this  category.  Additional  emphasis,  however,  should 
be  given  to  the  passive  capability  of  such  a  system. 


4.  RECOMMENDATIONS 


4.1  SYSTEM  DEVELOPMENT  RECOMMENDATIONS 

(C)  The  Panel  recommendations  for  early  development  of  deployable 
surveillance  systems  are: 

1 .  The  Panel  strongly  endorses  the  recommendation  of  the 
summer  study  that  a  deployable  undersea  surveillance  system 
be  brought  Into  being  at  an  early  date.  Thus  will  the  Navy  be 
provided  with  a  flexible  tool  to  meet  their  responsibilities  in 
this  regard. 

2.  Develop,  on  a  priority  basis,  to  the  stage  of  a  prototype 
system,  a  dispersed  buoy  system  of  the  moored  passive 
type  with  the  characteristics  listed  in  Table  I  using  the 
technology  accumulated  via  the  moored  sonobuoy  program 
and  other  related  programs . 

3.  Develop  to  the  stage  of  a  prototype,  a  simple,  basically 
passive,  distributed,  cable-connected  surveillance  system 
with  the  characteristics  listed  in  Table  II. 

4.  Accelerate  the  current  RSR  program  with  additional  emphasis 
on  a  passive  capability.  The  program  should  include  both 
construction  and  use  of  a  research  system  for  measurement 
(environmental  and  acoustical)  and  also  development  of 
equipment  that,  while  not  necessarily  engineered  for  service 
use,  can  be  taken  to  sea  and  used  by  laboratory  personnel 

in  realistic  situations.  The  characteristics  of  the  recommended 
system  are  listed  in  Table  III. 

5.  Use  these  prototype  systems  in  appropriate  operational  situ¬ 
ations  and  exercises  with  the  fleet  to  assess  their  effective¬ 
ness  and  to  gather  data  for  design  of  later  systems. 


4.2  EFFORT  RECOMMENDED  TO  ENSURE  AN  ADEQUATE  BASE  OF 
INFORMATION  AND  TECHNOLOGY 

(U)  Studies  and  exploratory  development  work  should  be  carried  out 
now  to  allow  planning  of  future  development  of  the  follow-on  systems. 
Particular  areas  of  work  and  examples  of  tasks  which  should  be  under¬ 
taken  are  discussed  in  Section  2.4  and  listed  in  Table  IV*  below  as 
well  as  in  Volumes  I  and  II  of  the  1967  CUW  summer  study  report. 
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drum,  ovcrboardlng  ihMvct,  etc.,  toralt««nd  lower  th«  aource/ 
array  tarjcture  to  full  depth,  Eatlmated  completion  March  1970, 

Oparetionel  Support  Ship  and  urqai  aervlcea  aa  naeeaaary  to  aupport  at-aea  Aircraft  for  contact  inveatlffatton;  replanlah>  Aircraft  (poaalbly  STOL  and/a  VTOL  baaed  on 

experlmen'.:  and  operatlortal  exarclaea,  mant  ot  atorea  and  fuel  by  ahlp  (ahould  be  platform)  for  contact  inveaUpaUon:  raplentah*. 

able  to  accommi.^te  rapllniahmeni  by  halo),  ment  of  atorea  artd  fuel  by  ahlp  or  aubmarlne. 


APPENDIX 


CORRESPONDENCE  BETWEEN  THE  NAVY  DEPARTMENT  AND  THE 
NATIONAL  ACADEMY  OF  SCIENCES 
RELATING  TO  THE  DEVELOPMENT  OF  THE  FOLLOW-UP  PANEL  OF  THE 

OCEAN  SURVEILLANCE  STUDY 
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27  September  1967 


Dear  Dr.  Shea: 

As  the  result  of  the  Committee  on  Undersea  War¬ 
fare  1967  Summer  Study  on  Deployable  Undersea  Surveil¬ 
lance  Systems,  the  Navy  will  receive  a  wide  range  of 
recommendations  regarding  undersea  surveillance  system 
research  and  development,  all  the  way  from  efforts  in 
basic  research  to  operational  systems  development. 

From  discussions  I  have  had  with  you  and  the  briefings 
I  received  on  the  Summer  Study  conclusions  and  recom¬ 
mendations,  it  is  clear  to  me  that  it  is  necessary  to 
retain  a  panel  of  selected  members  of  the  study  group 
to  work  with  designated  Navy  representatives  in  order  to 
determine  ways  and  means  to  Implement  worthwhile 
study  recommendations. 

Specifically,  this  joint  panel  should  relate 
the  1967  Summer  Study  conclusions  and  recommendations 
to  the  present  Navy  Undersea  Surveillance  Research 
and  Development  Program,  and  then  provide  practical 
recommendations  for  redirection  of  current  efforts 
and/or  the  formulation  of  new  efforts  in  the  overall 
program.  As  a  practical  matter,  panel  recommendations 
for  FY  1966  and  FY  1969  generally  must  be  limited  to 
those  which  can  be  accommodated  within  the  currently 
programmed  expenditures  for  these  years .  On  the  other 
hand,  recommendations  for  FY  1970  and  subsequent  years 
need  not  necessarily  be  so  restricted.  It  would  be 
particularly  helpful  if  the  panel  recommendations 
were  available  to  me  by  January  1968  in  order  that 
they  might  be  used  to  assist  in  formulation  of  our 
FY  1970  ASW  R&D  Program  and  its  supporting  budget. 


If  you  agree  to  forming  such  a  panel ,  I  will 
provide  Captain  J.  L.  Wolf,  Head  of  the  Ocean  Surveil¬ 
lance  Branch  (Op-715),  to  work  with  the  panel  and 
serve  as  the  principal  Navy  point  of  contact.  Other 
Navy  representatives  on  the  panel  will  be  Mr.  Ben 
Rosenberg,  Assistant  Director  for  Systems  Planning, 
DCNO(D)  Technical  Analysis  and  Advisory  Group, 

Mr.  L.  M.  Trletel,  Division  Engineer,  ASW  Surveillance 
System  Division,  MASWSPO,  and  whomever  the  Chief  of 
Naval  Research  designates  for  this  purpose.  In 
addition,  I  have  asked  the  Chief  of  Naval  Development 
and  the  Director  of  the  Antisubmarine  ’Varfare  and 
Ocean  Surveillance  Division  (Op- 3 2)  to  provide  what¬ 
ever  assistance  to  the  working  group  as  may  be 
necessary  to  achieve  results.  They  have  assured  me 
that  they  will  provide  complete  support  and  cooper¬ 
ation  to  the  panel  in  this  important  endeavor. 

Sincerely  yours , 

/s/  E.  W.  Dobie,  Jr. 

E.  W.  DOBIE,  JR. 

Rear  Admiral ,  U .  S .  Navy 


Dr.  T.  E.  Shea 
National  Research  Council 
National  Academy  of  Sciences 
2101  Constitution  Avenue,  N.  W. 
Washington,  D.  C.  20418 
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NATIONAL  RESEARCH  COUNCIL 

NATIONAL  ACADEMY  OF  SCIENCES  NATIONAL  ACADEMY  OF  ENGINEERING 
2101  Constitution  Avenue  Washington,  D.  C.  20418 

COMMITTEE  ON  UNDERSEA  WARFARE 

March  15,  1968 


Captain  P.  B.  Armstrcmg  USN 
Director,  Undersea  and  Strategic  Warfare 
Development  Division,  OP  71 
Office  of  the  Chief  of  Naval  Operations 
The  Pentagon,  Room  5C663 
Washington,  D.  C.  20350 

Dear  Captain  Armstrong: 

Discussions  with  you  at  our  recent  meeting  have  further  Impressed 
upon  us  the  vital  strategic  Importance  of  the  Mediterranean.  The  recent 
expansion  of  Russian  operations  emphasize  the  urgent  need  for  an  early 
effective  undersea  surveillance  capability  In  that  area.  As  a  consequence, 
we  have  given  further  consideration  to  the  results  of  our  1967  Summer 
Study  on  Deployable  Undersea  Surveillance  Systems  and  the  elaborations 
of  its  Follow-Up  Panel,  In  order  to  make  available  to  you  advice  specifically 
aimed  at  needs  In  the  Mediterranean. 

The  Committee  Is  of  the  opinion  that  in  the  Mediterranean  the  dis¬ 
persed  buoy  system  described  In  reference  (a)  and  further  elaborated  In 
reference  (b)  would  be  operationally  effective  and  attractive .  Therefore , 
the  Navy  should,  with  all  deliberate  speed,  initiate  the  necessary  en¬ 
gineering  development  and  operational  deployment  of  such  a  system. 


Ref.  (a)  Deployable  Undersea  Surveillance  Systems,  Part  I  (U). 

(La  Jolla  1967).  NRC:CUW;0343.  December  1967.  SECRET 


Ref.  (b)  Ltr  to  CAPT  P.  B.  Armstrong  from  Dr.  F.  N.  Spiess  dtd 

21  Feb  1968  w/enclosure  Report  No.  I  of  Follow-Up  Panel. 
CONFIDENTIAL 
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March  15,  1968 


This  recommendation  is  made  in  light  of  the  urgent  need  in  that 
area  and  in  full  knowledge  of  the  Navy's  present  plan  for  de¬ 
ploying  towed  flexible  arrays.  The  following  considerations  are 
particularly  pertinent  to  the  matter: 

1 .  The  dispersed  buoy  field  system  will  complement  a  surveillance 
operation  initially  based  on  towed  flexible  arrays .  It  will 
enable  the  Navy  more  fully  to  capitalize  upon  the  mobility  of 
aircraft  which  would  launch  and  monitor  the  buoys,  giving  a  high 
speed  of  deployment  and  broad  area  coverage . 

2.  These  above  qualities  would  be  especially  important  in 
circumstances  when  surveillance  is  required  in  areas  not 
suitable  for,  or  not  immediately  accessible  to,  a  towed  array 
system.  Dispersed  systems,  in  general,  have  an  inherent 
flexibility  which,  in  environments  such  as  the  Mediterranean, 
permit  configurations  and  deployments  tailored  to  the  pecularities 
of  geography  (straits,  basins,  shallows,  etc.)  and  propagation 
conditions  O^SR,  RAP,  direct  path,  etc.). 

3 .  An  operational  dispersed  buoy  field  system  can  be  brought  into 
being  with  a  minimum  of  delay  because  the  achievements  of  the 
moored  sonobuoy  program  now  in  an  advanced  stage  of  development. 

If  further  discussions  of  the  subject  would  be  beneficial,  the  Panel 
or  the  Committee  stand  ready  to  be  of  assistance. 


Very  truly  yours , 
/s/  T.  E.  Shea 


TES/r 


T.  E.  Shea 
Chairman 
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